Complete heart block (CHB) was observed in 24 of 350 patients with myocardial infarction who were studied under conditions of continuous electrocardiographic monitoring. CHB occurred predominantly in posterior and anteroseptal infarctions. In posterior infarction CHB was observed in patients who also developed first degree (10) and types I and II second degree (2°-I and 2°-II) atrioventricular (A-V) block but not bundle-branch block (BBB). In anteroseptal infarction CHB was found in patients with BBB, occasionally in patients with 2°-II A-V block, but not in patients with 1°a nd 2°-I A-V block. Right BBB with a Q wave in lead V1 was the usual form of BBB observed in patients with CHB and anteroseptal infarction. One mechanism for sudden death in anteroseptal infarction is the abrupt development of CHB following the onset of BBB. Evidence is presented attributing CHB to a lesion in the A-V node in posterior infarction and to bilateral BBB in anteroseptal infarction.
IN RECENT YEARS there has been considerable interest in continuous electrocardiographic monitoring of patients with acute myocardial infarction during the early stages of their disease.1 One purpose of this surveillance has been to detect disturbances of atrioventricular (A-V) conduction that lead to complete heart block (CHB) with critical slowing of the ventricular rate or the complete absence of ventricular depolarization. As yet, none of the reports2-8 on electrocardiographic monitoring have specifically dealt with abnormalities signaling impending CHB, although Lown and associates7 have stated that in general advanced degrees of block develop slowly, allowing time for lifesaving interventions such as electrical pacing. [9] [10] [11] [12] Our interest arose from the observation that some patients developed CHB abruptly from one atrial beat to the next without antecedent dropped ventricular beats or prior abnormality of the P-R interval. In this group the rapidity of the course did not allow time for the initiation of pacing once CHB occurred. Clearly, death could be avoided only if it were possible to recognize in advance those patients prone to this arrhythmia. To this end we reviewed electrocardiograms obtained by continuous monitoring in 350 patients with a diagnosis of acute myocardial infarction (table 1) . From this total, 24 patients with CHB were identified. When the data were examined, certain patterns emerged which might allow more accurate prediction of CHB.
Methods of Data Collection
This study was conducted in a specialized clinical area of four beds established as an electrocardiographic monitoring unit. Throughout the period of study a single bipolar electrocardiographic chest lead for each patient was continuously displayed on an oscilloscope beside each bed and also on an oscilloscope in a separate station for nurses and doctors. Electrode locations were individually selected for each patient by trial and error to provide a lead with recognizable atrial and ventricular complexes. Unipolar intracavitary atrial electrograms were taken in instances of suspected A-V block when necessary to identify atrial complexes.
Abnormalities in intraventricular conduction were detected and classified from standard 12- lead electrocardiograms, using either a two-channel photographic recorder or a single-channel direct writer with a heated stylus. Standard 12- lead electrocardiograms were obtained routinely on admission and repeated at the option of personnel in the unit.
Abnormalities in A-V conduction were detected by different techniques at the onset and conclusion of this study. For the first 12 months, during which 102 patients in the study group were admitted, A-V conduction abnormalities were suspected from oscilloscopic observation and confirmed by analysis of the monitor bipolar chest lead recorded on paper by a heated stylus at a paper speed of 25 mm/sec. The instrument inscribing this written record was not kept in continuous operation but was actuated manually at the bedside for each individual patient at the option of personnel in the unit. For the remaining 20 months of this study, during which 262 patients included in the study group were admitted, these techniques of data collection were supplemented by continuous inscription of the monitor bipolar chest lead on paper, using an inkwriting polygraph as described by Brown and associates.2 The paper speed of this recorder was set at 10 mm/sec routinely but could be optionally increased to 25 mm/sec and 50 mm/sec for more accurate measurement.
The electrocardiographic data obtained by these methods were continuously screened at the time of inscription by nurses and intermittently by the medical house staff and the authors. In addition, the continuous polygraph tracing was reviewed retrospectively by a member of the house staff. Portions of this record selected by the house staff were reviewed by the authors twice weekly. Continuous polygraph tracings were not recorded in four of 24 patients with CHB in this Absent  130  108  22  5  2  5  10  PMI  IVCD  15   12  3  1  1  1   RBRB   9  5  4  3  1  LBBB  1  0  1  1  Subtotal  155  125  30  7  3  9  11   Absent   95  90  5  4  1  IVCD  15  15  AMI  RBBB  5  5   RBBBQV1   17  11  6  6  BBB?   2  2  2  LBBB  7  4  3  2  1  Subtotal   141  125  16  6  1  1  8  Absent   42  37  5  2  1  2  IVCD  10  7  3  3   Other   RBBB  4  2  2  1  1  RBBBQV1   1   0   1   1   LBBB  11  10  1  1   Subtotal   68  56  12  5  1  1  5   Total   364  306  58  18  5  11  24 Abbreviations: Ml = myocardial infarction; PMI =posterior MI; AMIanterior MI; see text for other abbreviations.
Circulation, Volume XXXVIII, series (patients 5, 7, 8, and 23, table 2). In the remaining 20 patients with CHB, the continuous polygraph tracing was reviewed by one of the authors (R.J.S.). The observations reported in this study were made from written electrocardiograms and not from oscilloscopic interpretations. The duration of electrocardiographic monitoring in each of 350 patients varied. Of the surviving patients, 18% were monitored for 2 days or less, 19% for 3 days, 17% for 4 days, and 46% for 5 days or more. Ninety-six percent of the deaths in the unit occurred within 72 hours of the time of admission.
Diagnostic Criteria and Selection of Patients
The diagnosis of acute myocardial infarction in this report was made clinically on the basis of symptoms, signs, and laboratory data set forth by the Criteria Committee of the New York Heart Association. 13 In addition, all patients in this study surviving for 48 hours exhibited serial electrocardiographic abnormalities, elevation of the serum glutamic oxalacetic transaminase con-centration to at least twice normal levels, and abnormal erythrocytic sedimentation rates on serial determinations. The electrocardiographic diagnosis of posterior myocardial infarction was based on the criteria of Myers and associates14' 15 for posterior and posterolateral infarctions. The electrocardiographic diagnosis of anterior infarction in this study included Myers' criteria for anteroseptal,16 anterolateral,'7 and anterior septal'8 infarctions. All other electrocardiographic patterns not conforming to these criteria were designated as "other" (table 1). The diagnosis of combined posterior and anteroseptal infarctions was made at autopsy in patient 22 (table 2) and clinically in patients 20 and 21 (table 2). Each of the latter two patients sustained an acute posterior infarction that had been preceded by an anteroseptal infarction during an earlier admission.
Criteria for the diagnosis of 10 A-V block in this study were modified to exclude from consideration the large group of patients with minor delays in A-V conduction. The diagnosis of 10 A-V block was based on the presence of sinus Serial electrocardiograms depicting the development and disappearance of BBB in two patients with acute posterior infarction and old anteroseptal infarction. CHB was first detected on admission on 12-25-65 and disappeared on 1-4-66 in patient 20. CHB appeared during the fourth day of illness on 3-7-67 and disappeared the same day in patient 21 . Data were not sufficient on either patient to allowt determination of the sequence of onset of BBB and CHB. Recording speed was 25 mm/sec. rhythm, 1: 1 A-V conduction, and prolongation of the P-R interval to at least 0.24 sec irrespective of heart rate. Second degree (20) A-V block was defined as incomplete A-V block with dropped ventricular beats in the presence of sinus rhythm. A division of 2°A-V block was made into two types: 20-I was defined as the A-V Wenckebach phenomenon, while the definition of 2°-II A-V block rested on the presence of a constant P-R interval for conducted sinus beats irrespective of the ratio of atrial to ventricular depolarizations. Measurement was made of the P-R interval for conducted beats in 2°-II A-V block. The term "incomplete A-V block" in this report includes either first or second degree A-V block. The diagnosis of complete heart block (CHB) was based on the presence of identifiable atrial depolarizations and total A-V dissociation.
In one patient with atrial fibrillation, the diagnosis of CHB was made on the basis of a regular ventricular rate below 40 per minute. Right bundlebranch block (RBBB), left bundle-branch block (LBBB), and intraventricular conduction defect (IVCD) were identified according to criteria adopted by the New York Heart Association.13 Patients with right bundle-branch block with a Q wave in lead V1 (RBBBQV1) were listed separately. The arbitrary classification of left and right incomplete BBB as IVCD was made to simplify the presentation of data and does not alter the conclusions of this report. A-V block and BBB were excluded from consideration in this study if they appeared for the first time during resuscitation from a cardiac arrest initiated by another mechanism or if they appeared during the course of shock with systolic blood pressure below 70 mm Hg by the cuffauscultation technique. In all other instances the selection of data was made irrespective of antecedent disease or administration of drugs. The diagnosis of two separate myocardial infarctions in the same patient was made only when the clinical episodes occurred on separate hospital admissions.
Results
From July 13, 1964, to March 30, 1967, 350 patients had 364 myocardial infarcts which fulfilled the criteria of this study. Table 1 summarizes the selected A-V and intraventricular conduction abnormalities that were detected in this series within the limits of the methods of data collection employed. CHB was observed in 24 infarctions (7% of 364). RBBB and LBBB were observed in 37 infarctions; CHB developed in only three of these. IVCDs were not found to be associated with CHB in any instance. These limited data do not permit a positive correlation of RBBB, LBBB, and IVCD with the development of CHB.
The electrocardiographic pattern arbitrarily designated RBBBQVI was detected in 18 infarctions (table 1) . CHB was observed in seven of these patients (table 2) , whose electrocardiograms are reproduced in figure 1 and patient 20 (fig. 2 ). The ventricular complexes of these electrocardiograms exhibit a QRS duration of 0.12 sec or longer, a Q wave in lead V1 measuring at least 0.02 sec from onset to nadir, and a delayed peak of R in lead V1 of 0.08 sec or longer. These empirical observations form the basis for the recognition of 18 instances of the RBBBQV1 pattern detected in this series.
The listing "BBB?" (table 1) refers to patients 18 and 19 (table 2) in each of whom there was an abrupt change in QRS configuration and increase in QRS duration in the recording of the single monitor bipolar chest lead 2 and 14 minutes, respectively, prior to the development of fatal CHB. During this interval 12-lead electrocardiograms were not recorded, and the development of BBB could not be confirmed for this reason. Figure 3 reproduces the monitor tracing of patient 18 . Table 2 indicates that CHB developed in patients with posterior infarctions, anteroseptal infarctions, and coexisting anteroseptal and posterior infarctions that were not simultaneous. In 10 of 11 cases of posterior infarc- tion with CHB, incomplete A-V block in the forms of 10, 2°-I and 2°-II could be identified either before or after the presence of CHB. In eight cases of anteroseptal infarction with CHB, it was not possible to detect 1°and 2°-I A-V block during the period of data collection. Incomplete A-V block in the form of 2°-II block with a P-R interval less than 0.24 sec was the only form of incomplete A-V block identified in three patients with anteroseptal infarction. In the remaining five patients with anteroseptal infarction and CHB, no form of incomplete A-V block was detected. In three patients with coexisting anteroseptal and posterior lesions, varying types of BBB and degrees of incomplete A-V block were observed. Postmortem examination was carried out on seven patients (cases 5, 8, 15, 17-19, and 22, table 2). In each the results confirmed the location of the myocardial infarction determined by electrocardiographic analysis. Histological examination of the cardiac conduction system was not performed.
Patients 23 and 24 (table 2) were admitted with CHB. These patients are reported on separately because the location of their myocardial infarctions could not be confidently determined from electrocardiograms and because the clinical course of their CHB differed from that of other patients. In one patient ventricular fibrillation supervened during CHB, and all evidence of A-V block disappeared immediately following successful defibrillation. In the other patient A-V conduction reverted to normal within 30 sec following the intravenous administration of 0.5 mg of atropine sulfate. Both patients recovered without further manifestations of A-V conduction abnormality.
The time of onset and subsidence of incomplete A-V block, CHB, and BBB were determined for the 24 CHB was transient, subsiding before the end of the tenth hospital day. Incomplete A-V block also subsided in surviving patients. In two patients with isolated anteroseptal infarction (cases 16 and 17), it was possible to observe both the onset of RBBBQV1 and the later appearance of CHB. The time intervals between these events were 10 and 120 minutes, respectively. The disappearance of CHB and subsequently of BBB was observed in each of four patients (cases 16, 17, 20, and 21, table 2, and figs. 2 and 4), and the time intervals between these events ranged from 2 to 11 days. In two patients (cases 16 and 17, table 2 and fig. 4 ), it was possible to observe the entire sequence beginning with the onset of RBBBQV,, progressing to the development of CHB, and terminating with the disappearance of CHB and finally RBBBQV1.
In this series CHB was episodic and recurrent in all except 6 patients (cases 6, 11, 18, 19, 23, and 24).
A-V block was recognized in 30 patients with posterior infarction and 16 patients with anterior infarction (table 1) . Analysis of monitored electrocardiograms in these patients indicates that in posterior infarction and A-V block progression and regression of the block generally occurred in stepwise fashion from lower to higher degrees of block and vice versa. In anteroseptal infarction, however, 10 and 2°-I A-V blocks were not observed to progress to complete heart block, and 20-II and CHB were not observed to regress to lower degrees of A-V block. Figures  3 and 5 are examples of the development of CHB in anteroseptal infarction without stepwise progression through incomplete A-V block. Figure 6 also illustrates the rapid development of CHB in anteroseptal infarction.
In this patient the atrial and ventricular depolarizations are totally unrelated from the moment of onset of A-V block, suggesting that there was no transition through a stage of incomplete A-V block. However, the possibility of a short period of incomplete A-V block before the onset of CHB with a regular idioventricular rate of 60 cannot be excluded Anteroseptal myocardial infarction, RBBBQV1 (fig. 1) , and the development of CHB in patient 15. Recording speed was 10 mm/sec. because of the initial irregularity of the ventricular rate.
In 21 patients with posterior infarction 1'
A-V block was identified as the initial conduction defect. Table 3 summarizes the course of these patients with respect to the subse-quent development of higher degrees of A-V block. In 14 patients 1°A-V block began during the early stages of infarction after admission. Three of these patients developed CHB. Table 4 indicates that RBBBQV1 was identified as the initial conduction defect in 15 patients. Four of these patients progressed to CHB. In general, both A-V block and RBBBQV, completely subsided in surviving patients (tables 3 and 4), and particularly, when the onset of either A-V block or RBBBQVS was observed after admission.
Discussion

This study reports relationships observed between various types of A-V block and abnormalities of intraventricular conduction in
Figure 6
Anteroseptal myocardial infarction and the abrupt development of CHB in patient 17, whose standard 12-lead electrocardiograms are shown in figures 1 and 4. Recording speed was 10 mm/sec. The three strips are continuous. In this tracing the configuration of QRS complexes is similar during periods of A-V conduction and CHB. A regular idioventriculat rhythm at a rate of 60 with total A-V dissociation commenced at the end of this record and continued for the next 4 hours. in 2 hours by CHB ( fig. 5 ) that subsided on 3-18-67. In patient 16, CHB developed 10 minutes after the record of 1-24-67 and disappeared on *Duration unknown prior to admission. a series of patients with myocardial infarction. Several considerations apply to the interpretation of these data. Because many observers at different levels of training participated in the screening of a large volume of material, it cannot be claimed that every abnormality of A-V or intraventricular conduction was detected. This limitation does not apply to the positive correlations observed between CHB, RBBBQV,, and incomplete A-V block, but could result in an underestimation of the incidence of BBB and incomplete A-V block reported in this series. In patients with CHB and anteroseptalinfarction, however, the entire continuous written monitored electrocardiogram was preserved, and it was possible to confirm the absence of 1°a nd 2°-I A-V blocks in these patients during the period of monitoring by repeated review of this record.
Although one purpose of this study is to report the occurrence of CHB as a complication of myocardial infarction, the possibility exists that in some patients myocardial infarction may have developed as a complication of pre-existing CHB. This possibility cannot be excluded with certainty, particularly in the 12 patients who presented on admission with CHB. However, no patient in this series had a history suggestive of CHB prior to myocardial infarction. Follow-up examinations in surviving patients have failed to disclose a recurrence of CHB.
Because A-V block and BBB commonly appear as agonal events in patients dying of other causes, an attempt was made to exclude patients in whom CHB and BBB appreared terminally. The reversible nature of CHB observed in 19 of 24 patients and the similarity of mortality rates for all patients and those with CHB (35% and 38%, respectively) suggest that agonal physiological derangements were not a factor in the conduction disturbances reported. Previous investigators'9-23 have described CHB in anterior as well as posterior myocardial infarction, with higher mortality rates occurring in patients with anterior infarc-tion20 and with BBB.20 24 It has also been reported that in posterior infarction incomplete A-V block is common-and BBB is rare, whereas in anterior infarction BBB is common and incomplete A-V block is rare.23 25 The chief form of A-V block observed in anterior infarction is CHB.23 25 The results of the present study confirm all of these prior observations.
Previous studies have also associated various BBB patterns with septal infarction18 26 and have correlated BBB with CHB in septa] infarction.20 23 25,27 30 Some of these stud-ies23 29, 30 have included patients with CHB and RBBBQV,, the form of BBB that was observed in association with CHB in this series. The recognition and classification of BBB is of necessity partly arbitrary. Unger and as-sociates3' have indicated that our present state of knowledge does not permit determination of the predominant pathway over the bundles in some situations despite meticulous efforts to achieve electrocardiographicpathological correlation. For this reason the electrocardiograms of eight patients with BBB and CHB are reproduced in figures 1, 2, and 4 without discussion, and the criteria for the RBBBQVI pattern were chosen empirically. It has not been demonstrated histologically that the bundle branches were pathologically involved in these patients nor that the right bundle branch was the site of predominant disease.
The results of this study might aid in the prediction of impending CHB and should be considered in determining the indications for prophylactic passage of transvenous endocardial pacemakers. CHB was observed to occur before the fourth hospital day and to terminate in the first and second hospital week if the patient survived. In 50% of patients in this series, CHB appeared prior to admission and could not have been anticipated. In the remaining patients CHB followed incomplete A-V block or RBBBQV, by an interval that was usually less than 24 hours and sometimes only a matter of minutes. CHB appeared as a complication of RBBBQV, in anteroseptal infarction at least as often as it followed 2°A -V block in posterior infarction (tables 3 and 4). In most patients CHB was episodic and recurrent. Stokes-Adams attacks occurred in 50% of patients with CHB (table 2). In two patients the ability to maintain a sustained ventricular rate above 50 for long periods did not preclude a lower ventricular rate with Stokes-Adams attacks at other times Circulation, Volume XXXVIII, November 1968 (table 2). One mechanism for the occurrence of sudden unexplained death in acute anteroseptal infarction is CHB of abrupt onset following the development of BBB (figs. 3 and 5).
It is interesting to speculate on the mechanisms producing CHB in myocardial infarction. Previous investigators25' 32, 33 agree that A-V block in posterior myocardial infarction results from structural damage to the A-V node or His bundle secondary to coronary arterial occlusion proximal to the origin of the A-V nodal artery. The septum and bundle branches are spared. When CHB complicates anteroseptal myocardial infarction, there is no similar unanimity of opinion concerning the anatomic structures involved. James33 attributes CHB in anteroseptal infarction to involvement of the A-V node via an associated occlusion of the right coronary artery supplying the A-V nodal artery.34 Blondeau and associates,25 however, found the A-V node and His bundle spared and attribute CHB in anteroseptal infarction to direct involvement of the bundle branches by the infarction.
The electrocardiographic data presented in this report suggest that different mechanisms can produce CHB in posterior and anteroseptal infarctions. The absence of BBB in patients with posterior infarction confirms the prevailing concept that A-V block in posterior infarction occurs at the level of the A-V node-His bundle and not at the bundle branches. The consistent presence of BBB in patients with anteroseptal infarction and CHB suggests that this association is more than coincidental and is evidence in favor of locating A-V block in anteroseptal infarction at the level of the bundle branches and not the A-V node-His bundle. The close sequential relationship observed in the development and disappearance of BBB and CHB in anteroseptal infarction provides additional support for placing the locus of A-V block in the bundle branches. While A-V node dysfunction cannot be excluded, this evidence suggests that a disorder of bundle-branch conduction leads to CHB in anteroseptal infarction.
Because of the great difference in velocity between the -slow conduction through the A-V node and the rapid conduction through the bundle branches, analysis of A-V conduction times may be helpful in locating the level of A-V block in myocardial infarction, as suggested by Lepeschkin.5 When incomplete A-V block is located at the level of the A-V node, changes in conduction velocity through the node will register as a measurable change in P-R interval provided the paper speed of the recorder is sufficiently rapid to detect this change. Clinical experience indicates that paper speeds of 25 mm/sec are suitable for the detection of changes in velocity of A-V nodal conduction which has been measured as 0.05 m/sec or less.A6 If incomplete A-V block occurs at the level of the bundle branches and there is complete interruption of conduction in one bundle branch, changes in conduction velocity over the other bundle branch will also be reflected as a similar change in P-R interval.35 However, paper speeds of 25 mm/sec may not be sufficiently rapid to detect even large changes in bundle-branch conduction velocity, which has been measured at speeds from 0.8 to 3.5 m/sec. 36 This would be the case if the lesion in the remaining functioning bundle branch was restricted in length. Under these circumstances delay in conduction over the remaining functioning bundle branch would not register as 10 A-V block in the electrocardiograms of this study, and, furthermore, a Wenckebach period in a solitary functioning bundle branch would not produce a measurable alteration in P-R interval. The only form of incomplete A-V block detectable clinically under these circumstances would be a pattern of dropped ventricular beats with normal and constant P-R intervals for conducted beats.
These theoretical considerations of Le-peschkin35 may provide an explanation for the observation in this study that 10 and 20-I A-V blocks, indicating measurable delay in A-V conduction, were associated with CHB in posterior myocardial infarction but were not associated with CHB in anteroseptal myocardial infarction. Also consistent with this explanation is the observation that 20-II A-V block, without measurable A-V conduction delay, was the only detectable form of incomplete A-V block associated with CHB in anteroseptal infarction.
